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Abstract 
This paper reports on the optimization of an Electro-Optic Voltage Transducer (EOVT) using a VHDL-AMS model. 
Specifically, two different voltage reconstruction schemes have been assessed: reconstruction using arctangent and 
using arccosine. Both schemes have been simulated for different applied voltages and phase shift errors between the 
two electrical signals produced by the EOVT. Despite the high complexity of the device (optical and electronic parts, 
digital and analogue signal processing), modeling has allowed estimating the performance of the system accurately. 
This would have been practically impossible through theoretical considerations alone. Results show the arctangent 
method to outperform arccosine. However, both methods reach the desired accuracy of 0.1% when the phase shift 
error remains below 6%. 
 
© 2011 Published by Elsevier Ltd. 
 
Keywords: Electro-Optic Voltage Transducer, VHDL-AMS. 
1. Introduction 
In this paper, we report on the optimization of an Electro-Optic Voltage Transducer (EOVT) using a 
VHDL-AMS model [1]. Specifically, different voltage reconstruction schemes are compared with each 
other under varying model parameters. One algorithm implementing the arccosine function is compared to 
another one using the arctangent. This allows one to select the optimal reconstruction scheme for a given 
set of parameters or alternatively, to determine suitable operating parameters for a given scheme. 
 
 
* Corresponding author. Tel.: +41 58 586 71 25; fax: +41 58 586 40 06. 
E-mail address: joris.pascal@ch.abb.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
60  J. Pascal et al. / Procedia Engineering 25 (2011) 59 – 62
1.1. The EOVT 
The EOVT [3] is a non-conventional instrument transformer that offers high accuracy and stability as 
well as intrinsic galvanic isolation. It is lighter and smaller than conventional oil-filled voltage 
transformers and it can measure voltages up to 550 kV RMS with an accuracy of 0.1%. The EOVT 
consists of a Pockels cell and associated signal processing (Figure 1.a). A Pockels cell is a device 
consisting of an electro-optic crystal (e.g. KDP, BGO) through which a light beam can propagate  [2]. The 
phase delay in the crystal can be modulated by applying a variable voltage. The Pockels cell thus acts as a 
voltage-controlled retarder plate. The resulting retardation is detected in an analyzer and converted to an 
electrical signal representative of the voltage generating the field. This electrical signal is a cosinusoidal 
function of the applied voltage and thus cyclic and strongly non-linear (Figure 1.b). Therefore, signal 
processing is needed to reconstruct the applied voltage from the analyzer signal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. a) EOVT sensor configuration. A light beam propagates through the BGO crystal whereas the measured voltage (several 100 
kV) is applied, giving rise to the Pockels effect. The output light is split into a base and quadrature signal allowing unambiguous 
voltage reconstruction in the processor module. b) Transient response of the Pockels cell to a sinusoidal applied voltage. The 
reconstruction uses both base and quadrature signals. It exhibits local errors due to combined effects of sampling rate, input 
amplitude, reconstruction algorithm, and phase shift error. 
 
1.2. Signal reconstruction algorithm 
In order to resolve the inherent ambiguity of the cyclic analyzer signal, a second signal is picked up 
from the crystal that is in quadrature with the first signal  [3]. This second signal is obtained from the 
returning light beam by splitting it into two beams and passing one of the resulting beams through a 
quarter wave retarder (Figure 1.a). The applied voltage can then be reconstructed by calculating the 
arccosine of the first signal, i.e. the base signal, and determining its sign using the second signal, i.e. the 
quadrature signal. Alternatively, it can be calculated by calculating the arctangent of the ratio between 
both signals. Both solutions are equivalent when the two signals are in perfect quadrature. However when 
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the phase difference deviates from Pi/2, e.g. due to imperfections or temperature dependences in the 
optics, the two solutions lead to different results. 
An example of Pockels cell response and reconstructed signal is given in Figure 1.b. In order to assess 
the performances of the EOVT in terms of accuracy, a VHDL-AMS model of the system has been 
designed as described in the next section. 
 
2. VHDL-AMS model 
In order to optimize the performances of an EOVT, we need to simulate multiple domains together, 
namely electrical, optical and thermal signals. Besides, the performances will also depend on different 
signal types (analogueue and digital). Indeed, the signal processing is performed on digitized signals and 
therefore depends on parameters such as analogueue to digital conversion scheme. For simulation of the 
EOVT a VHDL-AMS model has been developed. This model is depicted in Figure 2. The signal 
reconstruction implements the two reconstruction methods: the arccosine and the arctangent. Finally this 
model provides the simulation environment to compare the two reconstruction algorithms while changing 
the operating temperature. Due to the temperature dependency of the quarter wave retarder, the phase 
between the two optical signals is modified from the ideal Pi/2 value.   
 
 
Fig. 2. Block diagram of the VHDL-AMS model of the EOVT featuring two signal reconstruction methods: the arccosine and the 
arctangent method. 
 
3. Results and discussion 
The two reconstruction methods are compared by calculating the residual error on the RMS value of 
the reconstructed voltage. In Figure 3, this is shown for applied voltages comprised between 50-400 kV 
and with signal phases that deviate by 7.5% and 15% from the perfect quadrature (Pi/2). For localized 
voltages, the arccosine method produces residual errors that are about twice as large as with the 
arctangent method. This is mostly due to the fact that the arccosine method is using only the sign of the 
quadrature signal whereas the arctangent method takes also the amplitude of the quadrature signal into 
account. 
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Fig. 3. Comparison of the two reconstruction methods. The arccosine based method (a) exhibits higher residual error for localized 
input signal values, leading to the conclusion that the arctangent (b) is more suitable for covering accurately the entire input voltage 
range. 
 
Despite the arctangent method being more accurate in general, both methods can be used to reach the 
desired accuracy of 0.1% when phase shift errors remain below 6%, as shown in Figure 4. The model 
shows that a particular effort shall be allocated for selecting optical components, like the quarter wave 
retarder, which has to provide less than 6% phase shift error between base and quadrature signals. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Relative error on RMS value for 144kV rated voltage. For a phase shift error of less than 6%, both algorithms lead to less 
than 0.1% error. 
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